Abstract. Forty-seven isolates, identified morphologically as Giardiaduodenalis, were compared by restriction endonuclease analysis of DNA with hybridization to a non-ra diolabeled probe. Seven schizodemes were distinguished, compared to 15 zymodemes identified by isoenzyme electrophoresis.
Giardia is a flagellated protozoan parasite found
in the intestine of virtually all classes of verte brates. ' The genus has a world-wide distribution and consists of 4 morphological groups which are considered to represent distinct species.2@ Members of the G. duodenalis (syn. G. lamblia and G. intestinalis) morphological group infect humans and other animals.
Isolates of G. duodenalis differ in a number of extrinsic characteristics, including growth in vi tro, drug susceptibility, infectivity, virulence, and host specificity.5â€• The recent application of in trinsic criteria, such as antigenic, isoenzyme, and DNA analyses, have confirmed that G. duodena us is geneticallyheterogeneous. ' 2-@2t This genetic heterogeneity has important implications for the taxonomy of Giardia. '8 In addition, although no clear correlations have yet been determined between genetic variation and differences in characters of clinical significance, 6 8.21 genetic characterization is a desirable prelude to epide miological or pathophysiological studies. Most studies on genetic variation in Giardia have used isoenzyme electrophoresis. ' 5-t8 This has the ability to provide a large number of ge netic markers relatively simply and cheaply. However, it has the disadvantage of being unable to detect nucleotide substitutions which do not alter the net charge on the polypeptide product of a structural gene. Direct analysis of DNA, by sequencing, hybridization, or treatment with re striction enzymes, provides a potentially more sensitive measure of genetic variation. Restric tion endonuclease analysis and DNA hybridiza tion are proving to be of increasing value in taxo nomic and characterization studies on parasitic protozoa.22-26 Nash'9 used these techniques to discriminate and suggest relationships between isolates of Giardia.
In a previous study, we used isoenzyme elec trophoresis to compare isolates of G. duodenalis from 25 humans, 4 cats, and a rat.'8 The aim of the present study was to assess the potential of restriction endonuclease analysis, with hybrid ization to DNA probes, to distinguish these same isolates plus 19 more, including G. duodenalis isolated from a dog and 3 more cats.
MATERIALS AND METHODS

Giardia duodenalis isolates
Thirty isolates have already been character ized using isoenzyme electrophoresis and are de scribed elsewhere.'8 Isolate BAH 12 has subse quently been cloned and both the clone (BAH12C1) and the original isolate were used in this study. Nineteen new isolates, all from West ern Australia, are shown in Table 1 . With the exception of a dog isolate (BAD 1), these were established and grown as axenic cultures from cysts, using methods described previously. 5 8 For southern transfer, gels were soaked at room temperature with agitation for 15 mm in 0.25 M HC1; 45 mm in 0.6 M NaCl, 0.4 M NaOH; and Isolates from dogs in Western Australia fail to establish in culture.5 Therefore, cystswere col lected from a fecal specimen on a 0.85% sucrose gradient. Human isolates BAH34 and BAH35 are from 2 brothers infected with Giardia.
Isoenzyme elect rophoresis
Isolate BAH 12, its clone, and the nineteen new isolates were analyzed by isoenzyme electropho resis using 10 enzyme systems as described by Meloni and others.'8
DNA analysis
Isolation of DNA from Giardia. A reproducible techniqueforisolating chromosomal DNA from Giardiawas developedusingthemethod ofYap and Thompson.27 The procedure is easy to per form, rapid, inexpensive, and yields DNA suit able for restriction endonuclease digestion and cloningtechniques. Trophozoitepellets (0.1â€"0.5 ml) were resuspended in 200 @t1 TE buffer (10 mM Tris-HC1, 1 mM EDTA, pH 7.5), 0.5 ml of lysis buffer (8% Triton X-100, 0.25 M sucrose, 50 mM Tris-HC1, 50 mM EDTA, pH 7.5), and 1 mg of Proteinase K (Boehringer Mannheim, West Germany) and incubated at 37Â°Cfor 90 mm. An equal volume of 2% cetyltrimethylam monium bromide (CTAB: British Drug House) 60 mm in 1.5 M NaC1, 0.5 M Tris-HCI, pH 7.0. Membranes were cut to the same size as the gel and soaked in distilled water for 10 mm and 2
x SSC (0.3 M NaCl, 0.03 M sodium citrate, pH 7 .0) for 15 mm. The gel was placed on 5 sheets of Whatman type 1 filter paper that had been saturated in 20 x SSC. Wetted membranes were positioned on top of the gel, 5 sheets of dry filter paper were layered onto the membranes followed by a stack of dry paper towels, and blotting was carried out overnight at room temperature. Membranes were removed, rinsed in 2 x SSC, air-dried, and baked at 80Â°Cfor 1 hr.
Hybridization. Membranes were prehybrid ized for 4â€"24hr at 55Â°Cin hybridization solution containing 6 x SSC, 1% SDS, 10% skim milk, and 10 mg/ml denatured herring sperm DNA. The DNA probe was denatured by heating at 100Â°Cfor 5 mm and added to fresh hybridization solution. Probes were used at a concentration of 0.1â€"1 @g/m1and hybridized overnight at 55Â°C. Following hybridization, membranes were washed twice, vigorously at room temperature for 5 mm in 2 x SSC/0.l% SDS, 0.5 x SSC/ 0. 1% SDS, and 0.2 x SSC/0. 1% SDS followed by 15 mm at 55Â°Cin 0.1 x SSC/0. 1% SDS. Col orimetric detection of the hybridized probe was performed to manufacturer's specifications using materials supplied with the BRESA and Chem iprobe kits.
Interpretation of isoenzyme and DNA data
Isolates with the same banding pattern for the 10 enzymes used in isoenzyme analysis are re ferred to as a zymodeme. '8 Following the ter minology of Morel and others,3Â°isolates with the same banding pattern after DNA restriction and hybridization analysis arereferred toasa schizo deme.
Enzyme bands of different mobility were in terpreted as allozymes. Multilocus genotypes were assigned to zymodemes on the assumption that all isolates were diploid, with multiple-banded enzyme patterns indicating heterozygosity at that locus. Nei's genetic distance coefficient (D)3' was used as a measure of the number of electro phoretically detectable base substitutions per en zyme locus separating zymodemes.
DNA fragment patterns generated by restric tion analysis were used to estimate Upholt's coef ficient (p),32 the number of base substitutions per nucleotide separating schizodemes. The formu Iae used to calculate p assume that all fragment changes arise from base substitutions.
This as sumption may not be valid for the DNA se quence recognized by our probe; detectable length mutations would inflate the estimate of sequence differences.
Isoenzyme analysis
RESULTS
Using 10 enzyme systems, 17 different zymo demes were found among the 49 isolates of Giar dia. The enzyme profile of BAH 12C1 was iden tical to that of the parent isolate, BAH 12. Of the 19 new isolates examined, 14 had enzyme pro files identical with previously described zymo demes Ml, M3, Ml 2, M4, and MS (Table 2) . Four additional zymodemes were identified; M14 contained the dog isolate (BAD 1), while MiS, Ml6, and Ml 7 contained human isolates ( Table  2 ). The enzyme profiles of each zymodeme are shown in Figure 1 .
DNA analysis
The hybridization results for the 48 isolates of Giardia probed with pBM9 are summarized dia grammatically in Figure 2 . Representative blots are shown in Figures 3â€"5.The probe distin guished 7 schizodemes among the 48 isolates ( Table 2 ). The dog isolate (BAD 1) was not ex amined due to lack of material. The rat isolate (BAR 1) did not produce any bands, and a num ber of other isolates consistently produced faint bands after hybridization to pBM9 (Fig. 4) . This probably indicates extensive divergence between these isolates and BAH 1 in the sequence of DNA used as a probe. Table 2 compares the groupings of isolates with identical enzyme or DNA profiles. Schizodemes 51, S3, and S7 were divisible into 2 zymo demes. Only zymodeme Mi contained isolates belonging to >1 schizodeme.
Correlation betweenisoenzymeand DNA results
A total of 18 genetic groups were distinguished by enzyme and DNA analyses. Table 3 shows genetic distances between these groups, estimat ed from allelic differences at enzyme loci (Nei's D) and restriction site differences for probe pBM9
GM â€" â€" â€" â€"â€" (Upholt's p). The 2 measures are significantly behavioral studies that the morphologically de correlated (Spearman's r = 0.54, P < 0.00 1). fined species, G. duodenalis, encompasses a wide probe, it did detect differences between isolate EsTo1=:===::@i==ii@@ii
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DISCUSSION
The 47 isolates of Giardia from different an imals and geographical areas, examined by re striction analysis with Hind III and hybridiza tion to probe pBM9, produced 7 different DNA banding profiles (Fig. 2) . Isoenzyme analysis of the same, and 2 additional isolates (BAR 1, BAD 1), distinguished 17 genetic variants using 10 enzyme systems (Fig. 1) BAH3,4,5,6,8,1.BAH3,4,5,6,8,9,9,10,11,13,17,22,10,11,13,14,17,18,24,26,27,28,31,3721,22,23,24,25,26,2.BAH2127,28,29,36,373.BAHI4,18,23,25,2.BAH3129,363.BAH1,24 .BAHI,2BRIS/83/HEP
M13 (BARI)andM14(BADI)not
shown. predict the outcome, control, and dissemination of parasitic infection.6'38 We have previously suggested that the lack of any distinct correlation between genetic variation and host origin pro vides evidence for cross-transmission between humans and other animals. ' 8.2t The present study supportsthisproposal;geneticdifferences be tween isolates from different humans were often as great, or greater than, differences between iso lates from different host species. Isolates from 7 cats, especially, were very similar to a large num ber of human isolates, supporting our previous contention that cats are a likely reservoir of in fection for humans.6' 18.21Both dog and rat iso lates appeared to be genetically distinct, but fur ther isolates from these hosts must be examined before any conclusions can be drawn.
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CHARACTERIZATION OF GIARDL4 BY DNA AND ISOENZYME ANALYSIS
In addition to providing evidence on possible modes of transmission, the extensive genetic variation detected between isolates of Giardia may have clinical and therapeutic implications. ses produced very similar groupings of those iso lates with identical banding patterns. This cor relation between the 2 techniques suggests that the groups represent natural clones of genetically identical organisms. The range of genetic dis tances between groups, estimated from both al lozyme and DNA fragment differences, indicates that a number of species may be present. How ever, our ability to make realistic taxonomic de cisions is restricted by a lack of knowledge about the genetic system of Giardia. Recent electro phoretic evidence of complex banding patterns in a number of isolates of G. duodenalis has sug gested the possibility of diploidy. '8 In the present study, we found that these banding patterns were retained in a clone of 1 of the original isolates (BAH 12). This indicates that the isolate does not consist of genetically different haploid organisms and provides further support for diploidy, al though alternative explanations cannot be ruled out.'8 A diploid state in the life cycle opens the possibility of sexual reproduction. We believe that the questions of ploidy and mode of repro duction in Giardia need to be properly explored before appropriate species concepts can be ap plied and natural37 taxa delimited.
It is often possible to relate genetic variation to behavioral characteristics of parasites and so 
